Recent Developments in the MANA Agent-based Model by McIntosh, Gregory C. et al.
Calhoun: The NPS Institutional Archive
Faculty and Researcher Publications Faculty and Researcher Publications
2006-11









Michael K. Lauren - Contact1
Defence Technology Agency, Naval Base, Private Bag 
32901, Devonport, Auckland, New Zealand.
Agent-based models have recently gained in popularity for 
modelling military operations. They purposefully leave out 
detailed physical attributes of the military entities concerned 
if this is not expected to have any bearing on the study at 
hand. This allows scenarios to be run relatively fast, over 
many excursions in order to discover unique situations or 
tactics where friendly forces can achieve dominance over an 
enemy. Another key feature of agent-based models is that, 
although the one-to-one interaction between various agents 
and their environment may be quite simple, the combined 
effect of many agents interacting can lead to complicated 
group dynamics and emergent behaviour. In this regard, 
agent-based models have the potential to represent the more 
chaotic and intangible aspects of military conflicts [1].
MANA (Map Aware Non-uniform Automata) is an 
agent-based model developed by the Operations Analysis 
group at Defence Technology Agency in New Zealand [2]. 
MANA has been used in a number of studies: modelling 
civil violence management, the modelling of maritime 
surveillance and coastal patrols, investigating modern 
warfare as a complex adaptive system and a range of studies 
carried out at the bi-annual Project Albert meetings. MANA 
is being used by a number of military colleges and defence 
science establishments amongst the TTCP nations and has 
also been used for various Master’s theses at the Navy 
Postgraduate School in Monterey.
Amongst the available agent-based models, MANA has 
a number of strengths. It is user friendly with an easily 
navigable user interface. Scenarios can quickly be edited ‘on 
the fly’ during their development. Being a pre-compiled 
executable, MANA runs relatively quickly so that many 
scenario excursions can be run through within a reasonable 
space of time. Furthermore, MANA has a built in data 
farming capability, allowing a scenario’s parameter space to 
be rapidly explored. In line with 21st century warfare 
concepts, MANA can simulate communications links for 
information sharing between groups of agents so that 
aspects of network centric warfare (NCW) may be studied. 
To model terrain features, MANA makes use of colour-
coded bitmaps. This has the advantage that terrain features 
can quickly be edited ‘on the fly’ while a scenario is being 
developed.
Figure 1: MANA 4 screenshot showing 
a conventional two-sided battle.
Development of MANA commenced in approximately 
2000, with initial inspiration coming from Ilachinski’s agent-
based model, ISAAC. It was decided that MANA should be 
engineered to suit the NZDF needs. For example, with the 
NZDF being a small-scale expeditionary force, a flexible low 
maintenance model is more appropriate than a hugely 
detailed military simulation such as JANUS or JSAF. 
MANA has been developed with Delphi as the 
programming language. This language has a user friendly 
quality, with good readability in terms of exchanging code 
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between software developers. By having good control of the 
source code we can quickly add new features to MANA as 
various studies require. MANA development has proceeded 
in several stages as follows.
MANA 2 (2002/2003): This represents the first fully 
usable version of MANA. It comprises the core of the 
present-day model with all essential movement weightings 
and terrain editing features in place. Sensor and weapons 
characteristics can be represented using a simple cookie 
cutter scheme or with tables of range-dependent 
probabilities. In MANA, agent properties are specified for 
groups of agents defined to be squads. The concept of a 
shared situational awareness (SA) map for squads is 
included in MANA 2 which allows rudimentary aspects of 
NCW to be modelled. For example, sharing information 
amongst squad members or the delay in information getting 
from sensors and onto a squad’s SA map can be simulated. 
MANA 3 (2003/2004): This is a fully developed version 
of MANA which is now in wide-scale use. It has been built 
from MANA 2 with several refinements. As well as the 
squad SA map, communications links and information 
sharing between squads has been explicitly modelled so that 
aspects of NCW may now be fully explored [3]. Accordingly, 
additional movement weightings have been added so that 
agents can respond to information received from other 
squads. A data farming capability has been included to fully 
automate the mapping of a scenario’s parameter space. 
Special aircraft movement and search algorithms have been 
added for search and patrol scenarios. (This feature was 
subsequently reverse engineered back into MANA 2.)
MANA 4 (2005/2006) MANA 4 has recently been 
developed and is soon to be released. At first glance MANA 
4 appears similar to MANA3 but includes several new 
features. A data streaming capability has been added so that 
MANA can now be used for human-in-the-loop 
experiments. Indeed, preliminary studies at RAND using 
this feature have proved promising. The main battlefield 
display can be zoomed to allow better control over agent 
placement and terrain features for larger, more intricate 
scenarios. A genetic algorithm has been included to 
automate scenario development and as a research tool [4]. 
A data analysis tool has also been added so that results 
from multiple scenario runs may be post-processed into a 
number of time-dependent averages and graphed. Finite 
sensor and weapons apertures are now included. 
Correspondingly, angular dependencies have been added 
to the movement algorithms such that agents now include 
a direction of facing and can look around to spot enemies. 
Furthermore, there are movement weightings depending 
on the enemies’ direction of facing so that agents can 
choose a direction of approach towards enemies. Squad 
formation shapes have also been added.
MANA 5 (2006/2007): This is currently in development. 
Here, we are attempting somewhat of a paradigm shift 
while still maintaining a distilled agent-based aspect to the 
model. There will be the ability to define larger battlefields 
which extend beyond the viewing region in order to cater 
for larger scenarios. Hence, full zooming and panning 
ability will be available to observe how a scenario is playing 
out in various areas of the battlefield. Instead of the cell-
based movement algorithms of previous MANA versions, a 
vector-based movement algorithm is being experimented 
with. Here, a weighted vector is calculated towards targets 
of interest and a movement ‘force’ is applied to the agents. It 
is anticipated that a vector-based movement system will 
open up the flexibility to develop more intelligent agent 
behaviour. For example, there is an interest in intelligent 
path finding for agents to navigate urban terrains without 
becoming lost or stuck in corners.
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MANA screen shot from a recent NPS Thesis
